Aim: The aim of the study was to develop a new, simple, sensitive, precise, accurate, and stability indicating reversedphase high-performance liquid chromatography (RP-HPLC) method for the simultaneous estimation of bismuth subcitrate, tetracycline, and metronidazole in the combined capsule dosage form. Materials and Methods: The analysis with Inertsil C 18 (250 × 4.6 mm, 5 µ) column under ambient temperature and using mobile phase phosphate buffer pH = 3.5 and methanol in the ratio of 40:60 v/v. Results and Discussion: The retention time of metronidazole, tetracycline, and bismuth subcitrate was found to be 2.599 min, 3.805 min, and 4.661 min, respectively. The proposed method was validated according to the ICH guidelines. The linearity study of metronidazole, tetracycline, and bismuth subcitrate was found to be 125-625 µg/ml, 125-625 µg/ml, and 140-700 µg/ml and correlation coefficient (r 2 ) was found to be 0.9994, 0.9993, and 0.9993, respectively. The percentage recovery was obtained as 99.95%, 99.86%, and 100.27% metronidazole, tetracycline, and bismuth subcitrate, respectively. The studies were carried out by conducting deliberate degradation of the sample with exposure to stress conditions such as acidic, alkaline, thermal, oxidizing agent, and light. Conclusion: This method was validated and meets the regulatory requirements for specificity, linearity, limit of detection, limit of quantification, precision, accuracy and stability for the determination of metronidazole, tetracycline, and bismuth subcitrate in bulk and capsule dosage form by RP-HPLC.
INTRODUCTION

B ismuth
subcitrate is chemically bismuth (3+) pentapotassium bis(2-oxidopropane-1,2,3-tricarboxylate) [ Figure 1 ]. A bismuth compound used for peptic ulcer and gastro-oesophageal reflux disease (GORD).
[1] Colloidal bismuth subcitrate is very effective in the treatment of gastroduodenal disorders and appears to act through several mechanisms. It has a little acid-neutralizing effect and does not affect acid secretion. It is uncertain whether it affects pepsin secretion, but it does inhibit peptic activity. It causes an increase in mucus glycoprotein secretion and may also bind to the gastric mucus layer to act as a diffusion barrier to HCl. It accelerates ulcer healing and causes an accumulation of epidermal growth factor around the ulcer. In addition, it has a cytoprotective effect and increases mucosal secretion of prostaglandins and bicarbonate. It has bactericidal effects against Helicobacter pylori (which is associated with gastritis and peptic ulcers). It also prevents adhesion of H. pylori to epithelial cells and can inhibit enzymes secreted by H. pylori, such as proteases, lipases, glycosidases, and phospholipases.
ORIGINAL ARTICLE
Tetracycline is chemically (4S,4aS,5aS,6S,12aR)-4-(dimethylamino)-1,6,10,11,12a-pentahydroxy-6-methyl-3,12-dioxo-4,4a,5,5a-tetrahydrotetracene-2-carboxamide [ Figure 2 ]. It is a broad-spectrum polyketide antibiotic produced by the Streptomyces genus of Actinobacteria. It exerts a bacteriostatic effect on bacteria by binding reversible to the bacterial 30S ribosomal subunit and blocking incoming aminoacyl tRNA from binding to the ribosome acceptor site. It also binds to some extent to the bacterial 50S ribosomal subunit and may alter the cytoplasmic membrane causing intracellular components to leak from bacterial cells. [2] Metronidazole is chemically 1-(2-hydroxyethyl)-2-methyl-5-nitroimidazole. It is a prodrug [ Figure 3 ]. It's a nitroimidazole used to treat amebiasis, vaginitis, trichomonas infections, giardiasis, anaerobic bacteria, and treponemal infections. It has also been proposed as a radiation sensitizer for hypoxic cells. According to the Fourth Annual Report on Carcinogens (NTP 85-002, 1985. p. 133), this substance may reasonably be anticipated to be a carcinogen unionized metronidazole is selective for anaerobic bacteria due to their ability to intracellularly reduce metronidazole to its active form. This reduced metronidazole then covalently binds to DNA, disrupt its helical structure, inhibiting bacterial nucleic acid synthesis and resulting in bacterial cell death.
[3] These research focus on the simultaneous estimation of bismuth subcitrate, tetracycline, and metronidazole in active pharmaceutical ingredient and combined capsule dosage form by reversedphase high-performance liquid chromatography (RP-HPLC).
The extensive literature survey revealed that there were RP-HPLC, HPLC-mass spectrometry, and ultraviolet (UV) spectrophotometric and stability indicating RP-HPLC methods [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] were available for the determination of bismuth subcitrate, tetracycline, and metronidazole individually or in combination with other drugs. However, no method was reported for the simultaneous estimation of bismuth subcitrate, tetracycline, and metronidazole in combined dosage form using the RP-HPLC method. The study was, thus, performed with an aim to develop a simple, economic, sensitive, rapid, accurate, and precise method for the determination of bismuth subcitrate, tetracycline, and metronidazole in the combined capsule dosage form.
MATERIALS AND METHODS
Chemicals and reagents
Bismuth subcitrate, tetracycline, and metronidazole were purchased from Pharmatrain Labs, Hyderabad. Orthophosphoric acid (OPA) purchased from standard deviation (SD) Fine Chemicals (Hyderabad, India), methanol and acetonitrile and HPLC grade water were obtained from Rankam. Bismuth subcitrate, tetracyclinem, and metronidazole are containing Pylera capsules manufactured by Allergen Pharmaceuticals Ltd.
Instruments
Waters (2695) HPLC using the software Empower2 with PDA detector all the glass wares used were A Grade.
Preparation of standard solution
About 12.5 mg of metronidazole, 12.5 mg of tetracycline, and 14 mg of bismuth subcitrate stands were accurately weighed and transferred into 10 ml clean, dry volumetric flask, 5 ml of diluent (methanol) was added, sonicated for 5 min and made up to the final volume with diluent. 3 ml of from the above stock solution was taken into a 10 ml volumetric flask and made up to 10 ml with diluent.
Preparation of sample solution
10 capsules were weighed and transfer the content. A power equivalent to 12.5 mg of metronidazole, 12.5 mg of tetracycline, and 14 mg of bismuth subcitrate stands were accurately weighed and transferred into 10 ml clean, dry volumetric flask, 5 ml of diluent was added, sonicated for 5 min and made up to the final volume with diluent. Then, it is filtered through 0.45 µ injection filter. 3 ml of from the above stock solution was taken into a 10 ml volumetric flask and made up to 10 ml with diluent.
Chromatographic conditions
Inertsil ODS C 18 (250 × 4.6 mm, 5 µ) column was used for the chromatographic separation at a detection wavelength at 280nm. The mobile phase of methanol and phosphate buffer pH 3.5 (adjusted with OPA) in the ratio of 60:40 v/v which was degassed under ultrasonication was selected for elution of components. Flow rate was optimized to 1.0 ml/min and injection volume 20µl was fixed on the satisfactory results of various system suitability parameters such as retention time, column efficiency, tailing factor, and asymmetry of the peaks. The results were shown in Figure 4 and Table 1. METHOD VALIDATION [18, 19] RP-HPLC method was validated according to the ICH guidelines for validation of analytical procedures for different validation parameters. The method was validated for its specificity, linearity, accuracy, precision, robustness, ruggedness, limit of detection (LOD), and Limit of quantification LOQ.
System suitability
System suitability test was carried out to verify that the analytical system was working properly and can give accurate and precise results. The overall system suitability was evaluated for the system suitability of the proposed method. Data from six injections were utilized for calculating parameters such as theoretical plates, resolution, tailing factor, and percentage relative SD (RSD). The results were shown in Table 2 .
Specificity
The specificity studies were carried out by varying specific conditions, that is, placebo study. A study conducted to demonstrate that diluent and placebo were not interfering with the analyte peak in the proposed method. Solutions of sample, placebo, and blank were prepared individually, and chromatograms were obtained. The results were shown in Figures 5 and 6.
Accuracy
Accuracy was carried out by percentage recovery studies of bismuth subcitrate, tetracycline, and metronidazole at three different concentration levels (50%, 100%, and 150%). Percentage recovery was calculated from the amount added Table 3 .
Precision
The precision of an analytical procedure as the closeness of agreement between a series of measurements obtained from multiple sampling of the same homogeneous sample under the prescribed conditions. The results were shown in Table 4 .
Linearity
The linearity of an analytical procedure is its ability (within a given range) to obtain test results that are directly proportional to the concentration (amount) of analyte in the sample. The linearity of the method was determined by preparing serial dilutions of minimum 5 concentrations of working standard solution in the range of 125-625 µg/ ml for metronidazole and tetracycline and 140-700 µg/ml for bismuth subcitrate [ Table 5 ]. The area of each injection was obtained, and the peak area was plotted against concentration. The regression coefficient (r 2 ), y-intercept and slope of the regression were calculated.
LOD and LOQ
The LOD is defined as the lowest concentration of an analyte in a sample that can be detected but not quantified. The LOQ is defined as the lowest concentration of an analyte in a sample that can be determined with acceptable precision and accuracy. The LOD and LOQ can be calculated based on the SD of the response and the slope of calibration curve. LOD = 3.3 σ/S and LOQ = 10σ/S where σ is the SD of the intercept of the regression lines and S is the slope of the calibration curve.
Robustness
The robustness of an analytical variation in method parameters such as flow rate, mobile phase was varied within a realistic range, and the quantitative influence of the variables was determined. The results were shown in Table 5 .
Stability studies
Stability testing was established for estimating the allowing time span between sample collection and sample analysis.
It is also important to evaluate an analytical methods ability to measure drug products in the presence of its degradation products. Forced degradation studies typically involve the exposure of samples of the drugs to the relevant stress conditions of acid, base, thermal, oxidative, and UV. The results were shown in Table 5 .
Acid degradation
To 3.0 ml of stock solution into a 10 ml volumetric flask and 3 ml of 1N HCl was added. Then, the volumetric flask was kept at 60°C for 6 h and then neutralized with 1N NaOH and makeup to 10 ml with diluent. Filter the solution with 0.45 µ syringe filter and place in vials. The chromatogram was recorded to assess the stability of the drug substance. The results were shown in Figure 7 .
Alkali degradation
To 3.0 ml of stock solution into a 10 ml volumetric flask and add 3 ml of 1N NaOH. Then, the volumetric flask was kept at 60°C for 6 h and then neutralized with 1N HCl and makeup to 10 ml with diluent. Filter the solution with 0.45 µ syringe filter and place in vials. The chromatogram was recorded to assess the stability of the drug substance. The results were shown in Figure 8 .
Oxidative degradation
To 3.0 ml of stock solution into a 10 ml volumetric flask, 1.0 ml of 3.0% v/v hydrogen peroxide is added the volume was made up to the mark with diluent. The solutions were kept for 30 min at 60°C. The chromatogram was recorded to assess the stability of the drug substance. The results were shown in Figure 9 . 
Thermal degradation
The standard drug solution was placed in an oven at 105°C for 6 h to study dry heat degradation. The chromatogram was recorded to assess the stability of the drug substance. The results were shown in Figure 10 .
Photodegradation
To 3.0 ml of stock solution into a 10 ml volumetric flask and expose to sunlight for 24 hrs and the volume was made up to the mark with diluent. Filter the solution with 0.45µ syringe filter and place in vials. The chromatogram was recorded to assess the stability of the drug substance. The results were shown in Figure 11 .
RESULTS AND DISCUSSION
Optimization of the method was carried out by performing various trials by changing in mobile phase composition and column, etc. The chromatographic conditions were achieved by methanol and phosphate buffer in a ratio of 60:40v/v adjusted pH 3.5 with OPA was selected as mobile phase and Inertsil ODS C 18 (250 × 4.6 mm, 5 µ) column as stationary and metronidazole were found to show appreciable absorbance at 280nm determined by spectrophotometry, and 
Method validation
System suitability
A RP-HPLC method was developed by monitoring the system suitability parameters, that is, Tailing factor (T), the number of theoretical plates (N), the runtime, and the cost-effectiveness. System suitability method acceptance criteria set in each validation run were tailing factor ≤2.0 and theoretical plates ˃2000. In all cases, the RSD for the analytical peak area for consecutive injections was ˂2.0%. A chromatogram obtained from reference substance solution was presented. System suitability parameters were shown in Table 2 . All the system suitability parameters are found to be satisfactory. The peak is reasonably symmetrical. High numbers of theoretical plates indicate the efficient performance of the column with reasonable retention times.
Specificity
The blank chromatogram showed no interference peaks at the retention time of bismuth subcitrate, tetracycline, and metronidazole. This indicates that diluent solution used in sample preparation does not interfere in the estimation of bismuth subcitrate, tetracycline, and metronidazole which indicates the specificity of the proposed method. The results were given in Figure 5 .
Linearity
The concentration range of 125-625 µg/ml for metronidazole and tetracycline and 140 to 700 µg/ml for bismuth subcitrate were found to be linear with correlation coefficients of 0.9994, 0.9993, and 0.9993 for metronidazole, tetracycline, and bismuth subcitrate, respectively. The results were given in Figures 12-14 . 
Accuracy
The accuracy of an analytical method is the closeness of that results obtained by that method to the true value. Accuracy may often be expressed as percentage recovery by the assay of the known added amount of analyte (50%, 100%, and 150%). Percentage recovery should be in the range of 98.0% to 102.0%. The observed data were within the required range which indicates good recovery values, and hence the method was accurate. The results were shown in Table 3 .
Precision
The percentage RSD was calculated for the peak areas of the drug, and it was found to be 0.8%, 0.3%, and 0.5% the %RSD for the metronidazole, tetracycline, and bismuth subcitrate, respectively. The %RSD for the area of six standard injections was should be not be more than 2%, and the method was found to be precise. The results were shown in Table 4 .
Linearity
Linearity of detector response shows the linear relationship between the concentration and the detector response. The coefficient of bismuth subcitrate, tetracycline, and metronidazole was found to be 0.9993, 0.9993, and 0.9994, respectively. The linearity was found in the concentration range of 125-625 µg/ml for metronidazole, tetracycline, and 140-700 µg/ml for bismuth subcitrate. Regression equation of the metronidazole, tetracycline, and bismuth subcitrate is found to be y=2373.5x+13062, y=1996.9x+2264, and y=2509.7x+16603. The correlation coefficient value was ˂1 shows that the method was linear.
LOD
LPD of target assay concentration of metronidazole, tetracycline, and bismuth subcitrate using the formula method was found to be 3.0, 2.96, and 3.02 µg/ml, respectively.
LOQ
LOQ of the target assay concentration of metronidazole, tetracycline, and bismuth subcitrate using the formula method was found to be 9.98, 10.02, and 10.00 µg/ml, respectively.
Robustness
Robustness of the method tested by keeping the column temperature as a constant and the chromatograms of drug solution was recorded with different flow rates such as 1.0 ml/min, 0.8 ml/min, and 1.2 ml/min and different and different ratio of mobile phase such as ±10%. The peak was observed as sharp with good resolution and all system suitability parameters indicating the method was robust. The results were reported in Table 6 .
Degradation studies
The degradation was determined by analyzing the drug solutions in the presence of acid, base, hydrogen peroxide, thermal, and light. The results of the peak area of bismuth subcitrate, tetracycline, and metronidazole were changed; hence, the drug was degraded, but the percentage degradation was <10%w/v. The results were within the limit as per the International Conference on Harmonization (ICH) guidelines shown in Table 5 .
CONCLUSION
The study was undertaken to develop and validate the stability indicating an RP-HPLC method for estimation of bismuth subcitrate, tetracycline, and metronidazole in pharmaceutical formulations. The method was developed and validated by means of accuracy, precision, linearity, LOD, and LOQ and robustness as per the ICH guidelines. The results of the study indicate that the proposed RP-HPLC method can be used in quality control departments with respect to routine analysis for the assay of the capsules containing bismuth subcitrate, tetracycline, and metronidazole.
